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In his introductory address at the 1957 International Symposium on 
Photo-Thermoperiodism, Chouard (17) emphasized the necessity for exhaustive 
research into photoperiodism. This research is especially needed in forage 
crops and in long-day plants, Tshich have been largely ignored in photo­
periodic studies. 
To date, many fundamentally basic and all-encompassing features of 
photoperiodism have been discovered. For example, the universally occurring 
pigment "phytochrome" (present in minute amounts in plant tissue, usually 
about 1 part in 10 million) is a blue protein that exists in two forms 
interconvertible by light. The absorption maxima of the two forms occur 
at 660 and 730 mu. The enzymatically active form, P730, changes in dark­
ness to the inactive form P660 in the course of some hours, with a half-
life of about two hours. The rates of the change and of the enzymatic 
action are considered to be factors in the plant's measurement of night 
length. Many aspects of plant growth besides flowering are affected by 
this mechanism (lO). 
With a constant half-life of two hours. P730 will be reduced to 3.1 
percent of its initial activity after ten hours in darkness. Ten hours is 
the approximate critical night length for control of flowering of plants 
requiring either long or short nights (short or long days, respectively) 
(lO). The fact that the basic control for flowering is similar in both 
groups of plants introduces an entire area of study to determine how a 
similar mechanism can cause opposite reactions in different species. 
Further, control of flowering is also dependent upon metabolic reserves 
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and endogenous (oircadian) rhythms. 
It is apparent that considerable research on photoperiodic responses 
is needed to explain the diverse reactions to photoperiodism evident in 
plants and in order to gain greater understanding of the universally occur­
ring "biological clocks." 
The characterization and elucidation of the photoperiodic responses 
of orchardgrass, including physiological, morphological and climatic deter­
minations, with interactions, were considered in these studies. Floral 
induction is defined as a chemical or hormonal differentiation resulting 
from the fulfillment of certain thermo-photoperiodic requirements. Floral 
initiation is the morphological transformation of the inducted stem apices 
from a vegetative to a reproductive condition, with further development 
resulting in the production and maturation of macroscopic flowers. 
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REVIEW OF PERTINENT LITERATURE 
General 
Much experimentation with the effects of light and/or temperature on 
plant growth has been undertaken over the years. These hundreds of experi­
ments have contributed information that both clarifies and complicates the 
various explanations for the plant responses observed. Although a common 
underlying mechanism was believed to exist, the many workers involved in 
this research observed that a large number of varied responses were obtained 
from similar stimuli. Further, most of this research dealt mainly with 
plants other than forage crops, and, in fact, largely ignored long day 
crops with a possible vernalization requirement. Orchardgrass, a major 
pasture and hay species of temperate climates, was one such species receiv­
ing limited attention until recently. 
Many excellent and extensive reviews of photo- and thermoperiodism 
exist (4, 6, 9, 11, 14, 15, 17, 24, 33, 38, 59, 42, 46, 47, 48, 49, 52, 
55, 56, 58, 59, 71, 73, 76, 77, 78, 79, 80). This review will include 
only the literature that will assist in a better understanding of the 
floral responses of orchardgrass. 
Floral induction and floral initiation 
In 1918, Klebs (44) recognized that flowering occurs in three separate 
phases, each phase possessing distinctive optima of photoperiod and tem­
perature. These phases were described as: first, the attainment of the 
"ripe to flower" condition (induction) which was maintained over winter in 
Germany in the presence of low light intensity and cool temperature ; sec­
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ondly, the formation of floral primordia (initiation) as a response to 
high light intensify for a daily duration of twelve or more hours; and 
thirdly, the production of macroscopic flowers (development), less specific 
in its light requirements as flowers were produced in the dark if morpho­
logically recognizable floral primordia were initiated, but fewer flowers 
were produced. The last two phases were associated with morphological 
changes in the plant, "wrtiereas the first was not. 
Hamner and Bonner (38) found no histologically detectable changes 
present at the end of a dark period which was sufficient to induce flower­
ing in Xanthium pennsylvanicum» Ihey concluded that induction and initia­
tion were separate phenomena, with induction being a chemical or hormonal 
change within the plant which precedes the initiation of floral primordia. 
Sas s and Skogm.an (66) noted in Promus inermis that the growing points are 
predominantly in a vegetative condition during the growing season and that 
the rare inflorescence primordia formed in late autumn did not survive the 
winter. Transition of these stem apices from the vegetative to the flower­
ing phase occurred in early April. This transition was recognized by a 
change of form from a short, dome-shaped growing point to an elongated, 
cylindrical inflorescence axis. Holt (41) demonstrated similar findings 
in reed canary gras s and orchardgrass. Also, similar results have been 
obtained by Bonnett (8) on winter wheatj by Sharman (67) on Agropyron 
repens; by Cooper (20) on Lolium spp.; and by Evans and Grover (27) on 
several species, including orchardgrasse Gardner and Loomis (32) demon­
strated the separ8.teness of induction and initiation in orchardgrass with 
field and greenhouse studies and by observations of the stem apices. 
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Thus, these inTestigations indicate that the growing points remain in 
a vegetative condition during the fall and winter and develop floral pri-
mordia the following spring with increasing daylengths and temperatures, 
upon which initiation may be dependent» Further, floral induction in 
orchardgrass is noted to be a chemical or hormonal differentiation result­
ing from the fulfillment of certain thermophotoperiodic requirements, where­
as floral initiation is the morphological transformation of the inducted 
stem apices from a vegetative to a reproductive condition. 
Effects £f origin and adaptation 
Orchardgrass is native to western and central Europe (57). It has 
spread from this location throughout the temperate regions of the northern 
hemisphere, and is also found in Africa, South America, Australia and New 
Zealand. It is a naturally cross-pollinated crop, and consequently, numer­
ous domestic strains and varieties have developed. 
Davidson (23) found that high altitude varieties of subterranean 
clovers in Kenya had a greater cold temperature requirement for induction 
than did varieties from lower altitude. Similarly, Morley and Dave m (54) 
found that Moroccan strains of subterranean clover flowered under 16-hour 
photoperiod with temperatures of 55°F or higher if these were coastal 
strains, but mountain strains required vernalization. Cooper (21, 22) 
observed that cold-requiring strains of ryegrass originated in regions of 
high latitudes or altitude. Cocks (19) found a cold requirement in timothy, 
a cool season crop. The temperature and duration of treatment required to 
induce vernalization in Brassica varies within and between species, accord­
ing to Thompson (71). 
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Gardner (30) and Gardner and Loomis (32) found considerable differences 
in response to photoperiod and temperature in local strains of orchardgrass. 
Thus, as in other plants, strains of orchardgrass have developed that vary-
in their response to -Qie same inductive stimuli. 
Photoperiod versus temperature 
Beatty (?), studying white clover clones from Minnesota, Michigan, 
Arizona and Iowa under various photoperiods and temperatures in Iowa, 
found that the Arizona clone flowered on the shortest photoperiods while 
the northern clones, particularly one from Minnesota, appeared to have an 
obligate requirement for cold temperature induction. Vlitos and Meudt 
(75) found that longer vernalization treatments reduced the time to first 
flower in spinach, with the most noticeable effects being observed on 
short photoperiods. 
Grasner (35), working with cereals, believed that winter varieties 
had a definite cold requirement for flowering. Eye germinated at 1 - E°C 
produced heads earlier and more regularly than plants germinated at higher 
temperatures. Thompson (70), Mann (51) and Parker and Borthwick (61) 
noted that the temperature during the induction period may have a marked 
effect upon flowering. Purvis and Gregory (64) found that both low temper­
ature and short photoperiod treatments increased flowering of winter rye, 
but the cool temperature treatments were not obligatory for their strains. 
Peterson and Loomis (62) observed flowering in Kentucky bluegrass 
only after a combination of low temperature and short photoperiod. Plants 
subjected to long or short photoperiods at a warm temperature, or to long 
photoperiods at a cool temperature, during the induction period from 
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September 30 to December 9, failed to flower. Metcalfe (53), working with 
smooth bromegrass, obtained essentially similar results, but smooth brome-
grass appeared less exacting in its induction requirements. Gall (29) 
found that the production of flowers in smooth bromegrass was greatest 
after a period of chilling before subjection to a long photoperiod at warm 
temperature s. 
Hyhyte (78) was able to maintain orchardgrass in a vegetative condition 
for six months under a 16-hour photoperiod in a warm greenhouse. Sprague 
(69) found that low temperature pre treatment did not increase flowering in 
orchardgrass nor did it shorten the time required. He concluded that 
short photoperiod pretreatment before the plants were transferred to long 
photoperiods appeared to be the important factor in inducing orchardgrass 
to flower. Gardner (30) and Gardner and Loomis (32) found both cool tem­
perature and short photoperiod necessary for floral induction of orchard-
grass. 
Critical photoperiod 
Long (so) has demonstrated that temperature critically affects the 
length of the minimum dark period. For example, Xanthium, at 70°F, had 
a nrin-imiTm dark period requirement for induction of 8 l/3 hours, but this 
increased to 11 hours at 40°F, Orchardgrass was maintained by Whyte (78) 
in a vegetative condition for six months when grown under a 16-hour photo­
period in a warm greenhouse, Gardner and Loomis (32) found that induction 
of orchardgrass failed under greater than 14-hour photoperiods, and that 
very little flowering resulted from induction under photoperiods of more 
than 12o5 hours. 
8 
Garner and Allard (34) concluded that there may be a critical day-
length for floral deTslopment aboTe or belov; which there will be a delay 
in flowering, or no flowering. They noted, however, that there is gener­
ally a wide range of day lengths for floral development in even the most 
sensitive plants, and that these plants seldom require a specific photo­
periodic condition for successful flowering. AbaJcumova (l) noted that 
shortening the daylength from normal (18 - 20 hours) to 16 hours resulted 
in an 11 - 25 day delay in ear formation in vernalized winter wheat. 
Tinckaer (72) obtained floral development in orchardgrass under a 12-hour 
photoporiod, but plants under 9- and 6-hour photoperiods remained vege­
tative, although inducted. Gardner and Loomis (32) found that long days 
and moderate temperatures were necessary for floral development of inducted 
orchardgrass. Adverse short days for a 45-day period arrested development 
but did not destroy induction. 
Treatment of plants at threshold conditions may lead to the production 
of "vegetative flowers" (barren florets), as reported by Greulach (36) and 
others. 
Morphological considerations 
Olmsted (60), studying clones of side-oats gramagrass from different 
latitudes, found that height of plants and yield increased with length of 
photoporiod. liVhen Kentucky bluegrass and Canada blue gras s were subjected 
to short photoperiods by Evans and Watkins (28), short, decumbent stems 
were obtained; under long photoperiods, stems were taller and more erect, 
Evans and Allard (26) found that timothy stems growing under short photo­
periods were usually prostrate. Purvis (63) noted that tillering was 
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favored by exposure of winter barley, winter oats and winter rye to short 
daylengths» Increased tillering in Kentucky bluegrass under short photo-
periods was reported by Peterson and Loomis (62). 
Tinokner (72) found that yield of herbage in orohardgrass was greater 
under long photoperiods, but the ratio of leaf blade to leaf sheath was 
greater under a 10-hour photoperiod. Allard and Evans (5) reported that 
orohardgrass had decumbent stems under 12-hour photoperiods and that the 
stems did not become fully erect with less than 14.5 hour photoperiods. 
Gardner (31) observed that orohardgrass had increased tillering under 
cool temperatures and under short photoperiods, with less tillering and 
increased elongation occurring under warm temperatures and under long 
photoperiods. 
Light intensity 
Withrow and Benedict (81) found that certain greenhouse annuals re­
sponded to supplemental light intensities as low as 0.1 foot-candle. 
Borthwick and Parker (13) noted that an intensity of 0.5 foot-candle was 
sufficient to prevent flowering in Biloxi soybeans when this light was 
used to supplement an 8-hour daylength. However, Sivari and Went (68) 
found that an intensity of 100 foot-candles during the short-day treat­
ment was needed to induce flowering in Bearia chrysastoma. According to 
Sprague (69), increasing the supplemental li^ t intensity above 75 foot-
candles had little or no effect upon the flowering of orohardgrass. 
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Reoeptive or gam. 
Efeikiii (25) reported that processes affected, by low temperatures and 
necessary for floral induction were not localized in the stem apex. 
Cajlachjan (16), Hamner (37), Hamner and Bonner (38) and Knott (45) have 
shown that the photoperiodic stimulus is perceived by the leaves. Induct­
ion failed if the leaves were removed. Further, Hamner and Bonner (38) 
state that mature leaves were more perceptive than young leaves. 
Stimulus transfer 
The stimulus synthesized during vernalization can be trajisferred to 
other, non-vemalizod plants. Chouard (18) found that the stimulus could 
be transferred through a graft from a vernalized to a non-vernalized plant. 
Highkin (40) found that diffusate from vernalized pea seeds effectively 
reduced the number of nodes formed in non-vernalized peas prior to flovr-
ering. And Tomita (74) accelerated heading of non-vernalized rye with 
diffusate from vernalized rye seedlings. 
Hamner and Bonner (38) noted that the photo-induced stimulus in 
Xanthium pennsyIvanicum was translocated from one part of the plant to 
another. Gardner and Loomis (32) inducted orchardgrass sods under cold 
temperatures, with one-half of the sods under an 18-hour photoperiod and 
the other half under short photoperiods. The two halves, separated by a 
divider, were vegetatively connected, but flowering occurred only in those 
parts exposed to the short photoperiods. Thus, they concluded that the 
stimulus is not transferred from inducted to non-inducted parts of the 
orchardgrass sods. 
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Maturity for induetion 
To obtain successful flowering in Biloxi soybeans, Borthwick and 
Parker (12) noted that it was necessary for the plant to have reached a 
TO-iniTmim age of two Or more weeks, with the best response from plants five 
or six weeks old. Winter annual cereals can frequently be vernalized 
during seed germination, or slightly later. Hammer and Bonner (38) have 
indicated that the photoperiodic perception of a leaf varies with its age, 
with mature leaves being more effective than young leaves. No research 
on the minimum maturity for induction of orchardgrass is knovm to the 
author. 
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MATERIALS AND METHODS 
General 
The experimental materials used in all the researches wore orchard-
grass (Daotylis glomerata L. ) clones seeded in the spring of 1961 and 
grown on the Agronomy Research Farm, State Street, Ames, Iowa« Propagules 
of these clones, -varying in size from single tillers to six-inch diameter 
plugs, depending upon the study inrol-ved, were planted in four or six-
inch clay pots, in number three juice caas, or in one-quart earthenware 
crocks, in potting medium (one part peat to one part sand). 
The three strains used in these experiments were selected from the 
orchardgrass breeding program at the Iowa Agricultural Experiment Station 
and are described^  as follows: 
Strain 47 is a clonal selection made in old stands at Greenfield, 
Iowa, in 1941. It is leafy and produces few seed stalks. 
Strain 64 is a clonal selection made in old stands at State Center, 
Iowa, in 1941. It is an early strain, steramy, a heavy seeder with few 
leaves and good winter hardiness. 
Strain 148 was selected from old stands on the Dairy Farm, Iowa 
State University, in 1943. It is an early strain, a heavy seeder with 
medium leafiness and moderate winter hardiness. 
Photoperiodic treatment involved placing the potted plants in light 
chambers (see Figure l) of varied sizes, consisting of canvas enclosed 
sides with the top usually uncovered unless a photoperiodic treatment of 
I^nformation provided by I» T. Carlson, Associate Professor of Crop 
Breeding, Agronony Department, Iowa State University. 
Figure 1. View of some light chambers (background) with front 
curtain and top curtain removed 
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less than, natural daylengths was required. By removing the canvas curtains 
in the a.m. and replacing these in the late afternoon, the plants were 
exposed to normal radiant energy for approximately eight hours daily. 
Supplementary lighting to control photoperiod was supplied to each 
chamber by tungsten filament bulbs with reflectors, suspended from above. 
A supplementary light intensity of 150 foot-candles at pot level was main­
tained by adjusting light bulb wattage, number of bulbs per chamber and 
height of bulbs above the plants. These lights were controlled by time 
switches, supplying supplementary lighting in the early morning and in 
the evening. 
Frequently, a natural photoperiod treatment was imposed. Table 1 
indicates the daylength at Ames, Iowa, based upon sunrise and sunset data. 
It should be noted, however, that the effective photoperiod with light 
intensities above 5 foot-candles extends about 15 minutes before sunrise 
to about 15 minutes after sunset. Thus, approximately 30 minutes should 
be added to the normal daylength calculated from sunrise to sunset (30). 
The temperatures in the various greenhouses used in these studies 
were maintained by regulating ventilators and by thermostatically-con-
trolled heaters and exhaust fans. However, wide diurnal fluctuations 
occurred, although the average temperatures obtained during any one 
study closely approximated the temperatures desired (45°F in cold house, 
55°F in cool house, 70°F in warm house). 
Temperature data were obtained by strategically located thermograph 
recorders, by maximum-minijiium thermometers and by standard mercury-bulb 
thermometers. The recorders were observed frequently and proper adjust-
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Table 1. Daylengths, Ames, lowa (in hours and minutes)®' 42° 00'N, 93° 39'W 
Date Jan. Feb. March April May June July Aug. Sept. Oct. NOT. Dec. 
1 9:11 10:02 11:14 12:42 
2 9:12 10:04 11:17 12:45 
3 9:13 10:06 11:19 12:48 
4 9:14 10:09 11:23 12:51 
5 9:15 10:11 11:26 12:53 
6 9:16 10:13 11:28 12:56 
7 9:17 10:15 11:31 12:59 
8 9:18 10:19 11:34 13:01 
9 9:19 10:21 11:36 13:04 
10 9:20 10:23 11:40 13:07 
11 9:22 10:26 11:44 13:09 
12 9:23 10:29 11:47 13:13 
13 9:24 10:31 11:48 13:16 
14 9:26 10:33 11:51 13:18 
15 9:28 10:37 11:53 13:21 
16 9:30 10:39 11:56 13:23 
17 9:31 10:41 12:00 13:26 
18 9:33 10:44 12:04 13:29 
19 9:34 10:47 12:05 13:31 
20 9:36 10:50 12:08 13:34 
21 9:39 10:52 12:11 13:37 
22 9:40 10:55 12:13 13:40 
23 9:42 10:58 12:16 13:42 
24 9:44 11:01 12:19 13:45 
25 9:46 11:03 12:23 13:47 
26 9:48 11:06 12:25 13:50 
27 9:50 11:09 12:28 13:52 
28 9:55 11:12 12:31 13:54 
29 9:55 11:14 12:34 13:57 
30 9:57 12:36 13:59 
31 9:59 12:39 
14:02 15:02 15:11 14:26 
14:05 15:03 15:11 14:24 
14:07 15:05 15:10 14:22 
14:09 15:05 15:09 14:19 
14:12 15:07 15:09 14:17 
14:14 15:07 15:07 14:15 
14:16 15:08 15:07 14:13 
14:18 15:10 15:06 14:10 
14:21 15:10 15:04 14:08 
14:23 15:11 15:04 14:05 
14:25 15:11 15:02 14:03 
14:27 15:12 15:01 14:01 
14:29 15:12 14:59 13:59 
14:31 15:13 14:59 13:56 
14:33 15:13 14:57 13:54 
14:35 15:14 14:55 13:51 
14:37 15:14 14:54 13:49 
14:39 15:14 14:52 13:45 
14:41 15:14 14:50 13:43 
14:43 15:15 14:50 13:42 
14:45 15:15 14:48 13:38 
14:47 15:15 14:46 13:35 
14:48 15:14 14:44 13:33 
14:50 15:14 14:42 13:30 
14:52 15:15 14:40 13:28 
14:53 15:14 14:38 13:25 
14-55 15:14 14:36 13:22 
14:57 15:14 14:34 13:20 
14:57 15:13 14:32 13:17 
14:59 15:13 14:30 13:15 
15:00 14:28 13:12 
13:09 11:45 10:22 9 22 
13:07 11:43 10:19 9 20 
13:04 11:40 10:17 9 19 
13:01 11:37 10:15 9 18 
12:58 11:34 10:13 9 17 
12:56 11:32 10:09 9 16 
12:53 11:29 10:07 9 15 
12:50 11:26 10:05 9 14 
12:48 11:24 10:03 9 13 
12:44 11:21 10:01 9:12 
12:43 11:17 9:58 9:11 
12:38 11:15 9:56 9:10 
12:36 11:12 9:54 9 :10 
12:33 11:10 9:52 9:09 
12:30 11:07 9:49 9 :08 
12:27 11:04 9:47 9 :08 
12:25 11:02 9:46 9 :08 
12:22 10:58 9:44 9 :07 
12:19 10:56 9:41 9 :08 
12:16 10:53 9:39 9 :07 
12:15 10:51 9:38 9:07 
12:11 10:48 9:36 9 :07 
12:08 10:46 9:34 9 :07 
12:05 10:42 9:33 9 :07 
12:02 10:40 9:30 9 *08 
12:00 10:38 9:29 9 ;07 
11:57 10:35 9:27 9 :08 
11:54 10:33 9:26 9 ;09 
11:52 10:29 9:24 9 :09 
11:49 10:27 9:23 9 ;09 
10:25 9 :10 
®-From sunrise - sunset tables proTided by R. H. Shaw, Professor of 
Agricultural Climatology, Agronomy Department, Iowa State University. 
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ments of the heaters, fans and vents were made in an attempt to correct 
any deviations in temperature of the individual greenhouses. 
An optimum nutrient level was maintained in all pots by fertilization 
with one gram per pot of 5-10-10 inorganic fertilizer plus approximately 
five grams per pot of 2-1-1 organic fertilizer, at weekly intervals begin­
ning with potting. The relatively heavy fertilization rates were neces­
sitated by the fact that leaching was favored by the sandy texture of the 
potting medium and by the heavy watering rate. The pots were watered with 
distilled water whenever the surface soil became dry to a l/s-inch depth. 
The decision to use distilled water was prompted by apparent salt injury 
to non-experimental plant material watered with nondistilled water. The 
problem did not reoccur following the change to the distilled water. The 
pH of the soil in the pots was measured approximately once a month and 
remained closely around 6.5. Therefore, no attempts were made to alter 
the soil pH. 
Plants being prepared for treatment were clipped periodically. These 
harvests removed only leaf blade tissue. Leaf sheaths and, therefore, stem 
apices were not removed nor injured. During the following treatment all 
pots were checked daily, and date of first floral emergence from the boot 
and, after a satisfactory lapse of time, total number of flowering stalks 
per pot were recorded. Additional data and observations were noted when­
ever these were pertinent to the study. 
In all the studies involving potted plants the pots were completely 
rerandomized within photoperiods every seven days. This procedure was 
also employed with reserve plant material not being treated. All selections 
for treatment were made randomly. 
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Study 1 - Buried Primordia 
This study was initiated to determine the effect of buried stem 
apices on subsequent floral induction and floral development. Orchard-
grass strain 64 was investigated in groups A and B, and strains 64 and 47 
in group C. 
A. Depth of placement. The orchardgrass used in. this portion of 
the study consisted of clones grown on the Agronomy Research Farm, 
which had been planted in the spring with the crowns at soil level (shallow) 
or with the crowns buried approximately six inches below the soil surface 
(deep). 
These clones wsre dug on September 16, 1961, keeping the roots as 
intact as practicable, divided into three-inch diameter propagules and 
potted at two depths in number three juice cans. The crowns were at soil 
level (shallow) or buried approximately six inches (deep). 
Treatments: six replications: 
From (condition in field)  ^(condition in can) 
1) Shallow . ' . Shallow 
2) Shallow . , Deep 
3) Deep Shallow 
4) Deep Deep 
Summary: 4 treatments x 6 replications = 24 pots 
The twenty-four cans were placed in a warm greenhouse (70°F) under 
16-hour photoperiod and were subjected to the following clipping manage­
ments : 
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September 19 - clipped to a four-inch, stubble. 
October 2 - clipped to a six-inch stubble. 
October 31 - clipped to a six-inch stubble» 
November 22 - clipped to a twelve-inch stubble. 
On November 26, 1961, the cans were transferred to a cold greenhouse 
(45°F) and a short (natviral) photoperiod for floral induction. After four 
weeks of induction, the plants were returned on December 24 to the warm 
greenhouse (70°F) and 18-hour photoperiod for floral development. The 
experiment was terminated on March 30, 1962, at which time final data 
were recorded. 
B. Time for induction. At the same time that group A was prepared, 
a separate group of three-inch diameter propagules was planted in one-
quart earthenware crocks with the crowns buried at least four inches deep. 
These plants were subsequently treated as the group A plants. 
On November 26, 1961, these plants also were placed in the cold green­
house (45°F), under short (natural) photoperiods, for floral induction. 
Treatments consisted of inducting one-half of the plants for four weeks 
and the second half for eight weeks. Thus, if burial of the primordia did 
prevent floral induction this portion of the study would indicate if longer 
exposure to inductive factors would overcome the inhibition. 
The two treatments (four-week vs. eight-week induction period) were 
replicated ten times. On December 24 the set of plants inducted for four 
weeks was transferred to the warm greenhouse (70°F) and 18-hour photo­
period for floral development. On January 21, 1962, the second set, in­
ducted for eight weeks, was also transferred to the warm greenhouse and 
long photoperiod. On March 30, 1962, ohe experiment was terminated and 
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the final data were recorded. 
C. Hilling. As a further check on the effect of burying the crown, 
several orchardgrass propagules on the Agronomy Research Farm.were hilled 
with earth on November 26, 1961. An equal number of propagules was left 
unbilled. Two orchardgrass strains were studied; 64 and 47. 
Treatments; strain 64 
Deep^  - 5 propagules hilled and 5 propagules unbilled. 
Shallow^  - 5 propagules hilled and 5 propagules unbilled. 
strain 47 
Deep^  - 5 propagules hilled and 5 propagules unbilled. 
These propagules overwintered in the field and were thus subjected to 
natural induction influences. On May 15, 1962, final data on the effects 
of the treatments were obtained, and these data were rechecked on June 15 
and again on July 15. 
Study 2 - Effect of Pretreatment with Long or Short 
Photoperiod on Subsequent Flowering 
To test the hypothesis proposed in study 1, this study was initiated 
to determine the effect of long or short photoperiod pretreatment on the 
flowering response of strain-148 propagules. 
Three-inch diameter propagules of the grass had been planted in six-
inch clay pots on October 2, 1961, and had been managed as follows; 
October 2 - clipped to a four-inch stubble, divided and pleaited. 
S^ee study 1, A, above, for explanation. 
started on 16-hour photoperiod in the warm greenhouse 
(70°F). 
October 31 - clipped to a six-inch stubble. 
UoTember 22 - clipped to a twelre-inch stubble. 
January 15, 1962 - clipped to a six-inch stubble and treatments begun 
on group A. 
Group A treatments : 
1) Twelve pots under 18-hour photoperiod for three weeks prior to 
induction (elongated plants). 
2) Eight pots under 18-hour photoperiod, not to be inducted, to 
serve as checks. 
3) Twelve pots under short (natural) photoperiod for three weeks 
prior to induction (tillering plants). 
4) Eight pots under short (natural) photoperiod, not to be inducted, 
to serve as checks. 
After the three-week pre-induetion treatment in the warm greenhouse 
(70°F), the plants under the long (l8-hour) photoperiod had very elongated 
basal sheaths, and the plants under the short (natural) photoperiod had 
tillered considerably but had elongated very little. At this time, Feb­
ruary 5, 1962, all these plants except the checks were transferred to the 
cold greenhouse (45°F) and short (natural) photoperiod for four weeks of 
induction. Following induction (March 5) the plants were returned to the 
warm greenhouse (70°F) and 18-hour photoperiod for floral development. 
Group B treatments : 
On January 27, 1962, treatments were begun on the second group. 
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These pi eut s were treated similarly to group A above except that the long 
pre-induction photoperiod was 24 hours long rather than 18 hours. 
1) Eight pots under 24-hotir photoperiod for three weeks prior to 
induction (elongated plants). 
2) Seven pots under 24-hour photoperiod, not to be inducted, to serve 
as checks. 
3) Eight pots under short (natural) photoperiods for three weeks 
prior to induction (tillering plants). 
4) Seven pots under short (natural) photoperiods, not to be inducted, 
to serve as checks. 
After three weeks of short (natural) photoperiod treatments these 
plants were tillering actively and had reduced elongation. Conversely, the 
plants exposed to the 24-hour photoperiod were elongating rapidly with 
virtually no tillering. At this time, February 17, all the plants except 
the checks were transferred to the cold greenhouse (45°F) and short (nat­
ural) photoperiod for induction. After four weeks of induction (March 17) 
the plants were returned to the warm greenhouse (70°F) and 18-hour photo­
period for floral development. The study was terminated on April 21, 1962, 
at which time final data were recorded for both groups. 
Study 3 - Effect of Transplanting 
on Subsequent Flowering 
Orchardgrass brought in from the field in late December has failed in 
floral initiation (32). Perhaps damage to the roots and/or to the tops of 
the plants when planted in the field is such that flowering is affected. 
Or perhaps the flowering stimulus is destroyed in naturally inducted 
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orchardgrass by the digging process itself in December, with the consequent 
damage to roots and tops. Also suggested as possible causes of stimulus 
destruction are some form of winter or cold injury and the stimulation of 
new buds by transfer of the plant to warm conditions (31, 32). 
On September 16, 1961, strain 64 orchardgrass clones located at the 
Agronomy Research Farm were dug and. two six-inch diameter propagules were 
selected from each clone. These were treated (see treatments, below), one 
plug was potted in a number three juice can and then both the potted and 
the non-potted propagules were planted side by side in the field. On Jan­
uary 6, 1962, these plants were dug and transferred to the warm greenhouse 
(70°F), under an 18-hour photoperiod, to determine if floral development 
would occur in the various treatments. The potted propagules constituted 
the "undisturbed" plants, whereas the non-potted propagules were "dis­
turbed" by the digging process in January. Further, the damaging of roots 
and tops to varying degrees, none, 50% and 100% removal, in September 
would indicate the effect on subsequent floral induction and development. 
Treatments: undisturbed (potted) and disturbed propagules 
1) Roots and tops intact. 
2) Roots clipped 50%, tops intact. 
3) Roots intact, tops clipped 50%. 
4) Roots and tops both clipped 50%. 
5) Roots clipped 100^ , tops intact. 
6) Roots intact, tops clipped 100%. 
7) Roots and tops both clipped 100%. 
Summary: 2 conditions x 7 treatments s 4 replications 
X 1 strain = 32 propagules. 
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The experiment was terminated on March 29, 1962, when final data were 
recorded. 
Study 4 - Degree-Days 
A. 1961-1962 research. On October 2, 1961, a study was initiated 
to determine the duration of favorable photoperiod needed to offset un­
favorable temperature during induction and, conversely, the duration of 
favorable temperature needed to offset unfavorable photoperiod during floral 
induction. The following procedures were employed: 
October 2 - strain 148 orchardgrass clones which had been planted 
in the field in the spring were divided into three-inch 
diameter propagules and planted in six-inch clay pots. 
The plants were clipped to a four-inch stubble and 
placed in the warm greenhouse (70°F) under 16-hour 
photoperiod. 
October 31 - clipped to a six-inch stubble. 
November 22 - clipped to a twelve-inch stubble. 
November 26 - treatments were begun. 
Treatments: four replications » 
1) Induction temperatures: cool (55°F) and cold (45°F). 
2) Induction photoperiods: 11, 13, 14 and 18 hours. 
3) Length of induction: 10, 15, 20, 30, 60 and 110 days. 
4) Non-treated checks: eleven plants maintained under short 
(natural) photoperiods and warm temperatures (70°F)| 
eleven plants under long (18-hour) photoperiod and warm 
temperatures (70°F). 
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Sunmary! E temperatures x 4 photoperiods x 6 lengths of 
induction x 4 replications x 1 strain = 192 pots 
+ 22 checks = 214 pots. 
Thus, on Notrember 26, 1961, all the pots except the checks were 
divided into tvro groups: one group was transferred to the cool greenhouse 
(55°F) and the second group was transferred to the cold greenhouse (45°F). 
Each group, in its respective house, was further divided into four sub­
groups, each subgroup being placed in a light chamber of 11-, 13-, 14-
or 18-hour photoperiod. Each time one of the induction periods was com­
pleted (e.g., 30 days) four pots (replicates) from each light chamber were 
returned to the warm greenhouse (70°F) and 18-hour photoperiod for floral 
development. Thus all transfers had been completed on March 16, 1962, 
when the 110-day induction plants were returned to the warm greenhouse. 
The experiment was terminated on April 21, 1962, when final data were re­
corded. 
B. 1962-1963 research. The 1961-1962 portion of the degree-days 
study was conducted before the effects of pretreatment with long photo­
period were determined (see study 2). Thus the 16-hour photoperiod regime 
to which these plants were subjected prior to induction may have reduced 
the response to inductive factors and perhaps other results would have 
been obtained. 
This part of the study was conducted in a similar manner to the 
degree-days experiment of 1961-1962, except that in this instance photo­
period ranges were narrower and lengths of induction were shorter. Also, 
the plant material used was pretreated with a warm (70°F) temperature and 
a short (natui'al) photoperiod prior to induction, thus providing plants 
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which were presumably more receptive to inductive stimuli than the 
previous year's plants. 
On October 2, 1962, clones of orchardgrass strains 148 and 64 were 
brought into the greenhouse from the field. Propagules from these clones 
were potted in four-inch clay pots at the rate of two tillers per pot. 
These were all placed in the wairm greenhouse (70°F), under short (natural) 
photoperiods. Whenever the leaves extended to twenty inches or longer, 
they were clipped to eight inches. Treatments were started on January 25, 
1963. 
Treatments: four replications: 
1) Induction temperatures: cool (55°F) and cold (46°F). 
2) Induction photoperiods: 12, 14, 15 and 16 hours. 
3) Lengths of induction: 15, 30 and 60 days. 
4) Strains: 148 and 64 orchardgrass. 
5) Non-treated checks; twenty-four plants maintained under 
short (natural) photoperiods and warm temperatures (70°f)j 
twenty-four plants under long (18-hour) photoperiod and 
warm temperatures (70°F). 
Summary: 2 temperatures x 4 photoperiods x 3 lengths of 
induction x 2 strains x 4 replications =192 
pots + 48 checks = 240 pots. 
Following treatment, which was handled as in the previous degree-
days experiment, the pots were removed at the indicated times and placed 
in the warm greenhouse (70°F) and under an 18-hour photoperiod for floral 
development. The experiment was terminated on May 7, 1963, when final 
data were recorded. 
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Study 5 - Effect of Various Photoperiods Upon 
Rate of Floral Development 
This study was conducted to determine if photoperiods indeed affect 
the rate of development of inflorescences. It is reasonable to assume 
that there will be a direct effect, since floral induction and floral 
development are considered to be distinct and separate phenomena in 
plants, and this separateness has been demonstrated in orchardgrass (32). 
On November 2, 1962, a clone of strain 64 orchardgrass was brought 
into the greenhouse from the field. Propagules from this clone were 
potted in four-inch clay pots at the rate of two tillers per pot. 
These pots were then placed in the warm greenhouse (70°F), under 
short (natural) photoperiods. Whenever the leaves extended to twenty 
inches or longer, they were clipped to eight inches. On January 25,1963, 
all pots except the checks were transferred to the cold greenhouse (45°F) 
and short (natural) photoperiods for floral induction. 
The inducted plants were returned to the warm greenhouse and the 
indicated photoperiod for treatment on March 28, 1963. 
Treatments : eight replications : 
1) Material: inducted strain 64 orchardgrass. 
2) Development photoperiods: natural dey length and 14-, 16-, 
18- and 20-hour photoperiods. 
3) Development temperature : 70°F. 
4) Hon-inducted checks: 10. 
Summary: 5 development photoperiods x 8 replications x 1 
development temperature x 1 strain = 40 pots + 10 
checks = 50 pots. 
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The date of first floral emergence and total nimber of inflorescences 
produced "Brere recorded. The study was terminated on May 7, 1963. 
Study 6 - Effects of Long-Term Unfavorable Photoperiods 
and Temperatures on Flowering of Orchardgrass 
This experiment was conducted to determine if flowering of orchardgrass 
can occur without the short photoperiod, cold temperature regime for induc­
tion, followed by a long photoperiod, warm temperature regime for develop­
ment. The literature is inconsistent in this respect. 
On October 2, 1962, a clone of strain 148 orchardgrass was brought 
into the greenhouse from the field. Propagules from this clone were potted 
in four-inch clay pots at the rate of two tillers per pot. 
These pots were all placed in the warm greenhouse (70°F) under short 
(natural) photoperiods. Mienever the leaves extended to twenty inches or 
longer they were clipped to eight inches. 
On December 5, 1962, the pots were divided into four groups of five 
pots each and subjected to the following treatments; 
1) Continuous cold (all winter at 45°F) and short (natural) photo­
periods. 
2) Continuous cold (all winter at 45°F) and long ( 18-hour) photo­
periods. 
3) Continuous warm (70°F) and short (natural) photoperiods. 
4) Continuous warm (70°F) and long (18-hour) photoperiod» 
On May 1, 1963, the experiment was tenainated and final data were 
recorded. 
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Study 7 - Minimum Stage of Maturity 
for Floral Induction 
A frequent complaint of orchardgrass breeders is that young seedlings 
brought into the greenhouse after exposure to natural induction conditions 
in the fall fail to flower. A study to determine the stage of maturity, 
from seed onward, at which a favorable inductive stimulus will result in 
floral expression was conducted as follows; 
A. Seed vernalization. Orchardgrass seeds of polycross 64 strain 
were vernalized according to the following procedure, which is a modifi­
cation of a technique used by Ahrens and Loomis (2) for winter wheat; 
The seeds were soaked in distilled water at warm temperature. After 
24 hours, the water was removed and the seeds were divided into eight lots 
of ten seeds each. Each lot of seed was placed on moistened blotter paper, 
in a 10 ml. beaker, and imbibition was allowed to continue for an addi­
tional 96 hours. At this time (April 5, 1965) the radicles were just 
breaking through the pericarps. The beakers were placed in a refrigerator, 
at 1°C, and distilled water was added as needed to keep the blotters 
moists On June 7, after nine weeks of cold treatment, the seeds were 
planted in four-inch clay pots, one seed lot per pot, and the pots were 
placed in the warm greenhouse (70°F) under an 18-hour photoperiod. Eight 
additional seed lots were treated as outlined above, except that these 
were not chilled (vernalized) and thus served as checks. This portion of 
the study was terminated on September 1, 1963. 
B. Seedling induction. Orchardgrass seeds of polycross 64 strain 
were seeded in four-inch clay pots, at intervals starting on November 10, 
1962, and extending to January 21, 1963. After seeding, the pots were 
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placed in the warm greenhouse (70°F) under short (natural) photoperiods 
until treated. 
On February 17. 1963, all pots were thinned to two plants per pot. 
It was noted at this time that all the plants had well-developed root 
systems proliferating through the soil, except the 2-leaf stage which was 
well along. Also, from the S-leaf stage onward the plants were tillering 
actively. At this time, three pots of each stage of maturiiy were trans­
ferred to the cold greenhouse (45°F) and short (natural) photoperiod for 
five weeks of treatment. The remaining two pots of each stage were left 
in the warm greenhouse to serve as checks. 
The date of seeding, and the resultant stage of maturiiy on February 
17 were: 
Date of seeding Stage of maturity 
1/21/63 2-leaf stage 
1/5/53 3+-leaf stage 
12/21/62 5-leaf stage 
12/8/62 6-^leaf stage 
11/27/62 7-leaf stage 
11/10/62 8-leaf stage 
Following treatment for five weeks, all pots, including checks, were 
placed in the warm greenhouse (70°F) under long ( 18-hour) photoperiod for 
observation of any flowering response. It was noted at this time that 
the 3+-leaf stage plants had added one leaf during the cold treatment, 
whereas the corresponding stage of check plants had added five leaves, 
indicating the effect on growth rate of exposure to 45°F temperatures as 
opposed to 70°F temperatures (see Figure 2). The experiment was terminated 
Figure 2, Representative polycross 64 seedlings of the stage 
of maturity for induction experiment. Rows 1 and 3 











on September 1, 1963. 
Study 8 - Preconditioning 
The greater sensitivity to low-temperature inductive factors of 
plants previously held on warm, short days, demonstrated in previous 
studies, prompted this investigation. The loss of the short photoperiod 
effect upon transfer to a long photoperiod was investigated in this pre­
conditioning study. 
On September 15, 1963, single tillers from a clone of strain 148 
orchardgrass were planted in four-inch clay pots and placed in the warm 
greenhouse (70°F) under short (natural) photoperiods. On two occasions 
prior to treatment, when the leaves reached an extended length of twenty 
inches, the plants were clipped to ten inches. 
On February 8, 1964, treatments were started. 
Treatments : five replications : 
1) Pretreatment; all plants maintained under warm temperatures 
(70°F) and short (natural) photoperiods from September 15 
to February 8. 
2) Exposure to long photoperiod: one, two or three weeks of 
warm temperatures (70*^) and long (18-hour) photoperiod. 
3) Induction periods: following exposure to the 18-hour 
photoperiod the plants were inducted in the cold green­
house (45°F) for one, two or three weeks. 
4) Induction photoperiods: short (natural) or long (l8-hour) 
photoperiods. 
5) Checks: thirty plants were transferred directly from the 
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warm temperature, short photoperiod regime to the cold 
temperature, short or long photoperiod regime, without 
the intermediate exposure to the warm temperature, long 
photoperiod regime. 
Summary: 1 pretreatment x 1 strain x 3 periods of exposure 
to long photoperiod x 3 periods of induction x 2 
induction photoperiods x 5 replications => 90 plants 
+ 30 checks = 120 plants. 
Thus, on February 8, thirty check plants were removed from the warm 
temperature, short (natural) photoperiod regime and placed in the cold 
greenhouse (45°F). These check plants were then divided into two groups: 
one group of fifteen plants placed under short (natural) photoperiods and 
the second group of fifteen plant::-were placed under the 18-hour photo­
period. At three weekly intervals, five plants (replications) were removed 
from each photoperiod regime and returned to the warm greenhouse (70°F) 
and long (18-hour) photoperiod for floral development. The check plants 
were not subjected, therefore, to the warm temperature, long (18-hour) 
photoperiod, prior to induction. 
Also on February 8, all the plants except the checks were removed 
from the warm temperature (70°F) and short (natural) photoperiod conditions 
and subjected to the warm temperature, long (l8-hour) photoperiod treat­
ment for one, two or three weeks. Thus, strongly tillered plants, pre­
sumably in a highly sensitive condition to low temperature inductive 
factors, vfere subjected to a long photoperiod that might cause a loss of 
this receptiveness. As each group of thirty plants was transferred to 
inductive conditions, it was treated as the check plants above. That is. 
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one-half were inducted under natural photoperiods and one-half under 18-
hour photoperiods. Also, length of exposure to low-temperature inductlTe 
conditions was for one, two or three weeks. Following inductive treatment 
the plants were returned to the warm greenhouse (70°F) and 18-hour photo-
period for floral development. 
Subsequently, date of first floral emergence and total number of 
inflorescences per pot were recorded, and the effect of the treatment 
upon floral expression was determined. This study was terminated on May 
12, 1964. 
Study 9 - Point of Induction 
This study was initiated to determine the site (tissue) of reception 
of the thermal (cold temperature) stimulus for floral induction. It is 
generally believed that the leaves receive the photo stimulus, whereas 
thermal stimulus reception is believed to be localized in the stem apex. 
A. 1962 experiment. In addition to determining the site of induction 
this study was undertaken to determine if the stimulus can be translocated 
from inducted to non-inducted tillers of the same plant. Further, an 
evaluation of whether the cold induction must be 24 hours long or during 
the dark period, or during the light period, was undertaken. 
On June 11, 1962, a clone of strain 148 orchardgrass was brought in 
from the field, clipped to a six-inch stubble and divided into three-inch 
propagules which were planted in six-inch clay pots. These pots were then 
maintained under 9-hour photoperiods until treatments were begun. 
To obtain the necessary information, equipment was used to circulate 
cold water, maintained at 4.4°C (40°F), through a series of eight pairs 
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of water jackets (approximately 2" x l/s" each) to provide the localized 
cold effect. The cold jackets were affixed either to the leaves or to the 
basal sheaths of the two tillers being treated in each pot. A differential 
of less than 1°C was noted between the first and last sets of water jackets. 
Banks of six incandescent (75 watts each), six fluorescent (40 watts each) 
and two spotlights (150 watts each) supplemented the incident radiation 
entering through a window (see Figure 3). The supplementary lighting 
provided an intensity of six hundred foot-candles, giving a total of 
twelve hundred to eighteen hundred foot-candles (supplementary plus in­
cident radiation) during the twelve hours of daily exposure. Thermograph 
recorders provided continuous air temperature readings throughout the 
study. Treatments were initiated on July 7, 1962, at 8 a.m. 
Treatments : two replications : 
1) Cold treated during day (8 a.m. - 8 p.m.). 
2) Cold treated during night (8 p.m. - 8 a.m.). 
3) Continuous cold. 
4) Leaves cold treated. 
5) Basal sheaths cold treated. 
S) Experimental checks: two pots, not treated. 
7) Outside checksî two pots, placed outside of the green­
houses under natural photoperiods and temperatures, to 
determine if induction could occur due to cool night air. 
The window next to the experimental plants was frequently 
left partially open at ni^t. 
To prevent a large differential in temperature between the first and 
Figure 3. Arrangement of materials in the point of induction 
experiment, with all curtains removed 
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last sets of water jackets, only eight sets were used. This required the 
transfer of four sets of water jackets between treatments 1 and 2, at 8 a.m. 
and again at 8 p.m., daily. An indelible mark on the tissue being inducted 
assured that the water jackets were reapplied at the seme point each time. 
The 12-hour photoperiod was maintained by canvas curtains which completely 
enclosed the experimental area. These curtains were opened at 8 a.m. and 
closed at 8 p.m., daily. 
These treatments were continued for fire weeks until 8 a.m., August 
11, at which time the plants were transferred to the warm greenhouse (70°F) 
and placed under an 18-hour photoperiod for floral development. 
A second group was then started, repeating the above procedure, to 
determine the reproducibility of results and to compensate for the neces­
sarily small number of replicates* This second group was treated until 
September 16. 
During the entire ten weeks of treatment the temperatures at pot 
level usually varied between 70°F to 90°F, attaining 98°F and 62°F on two 
occasions for short periods of time. The overall average temperature was 
81.6°F. 
B. 1964 experiment. On February 2, 1964, the above study was re­
peated, with modifications. The plant material was strain 148 orchard-
grass propagules (single tillers) planted in four-inch clay pots and 
placed under natural photoperiod in the warm greenhouse until treatment 
began. On two occasions, when the plant leaves reached an extended length 
of twenty inches, the plants were clipped to ten inches. 
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Treatments; three replications: 
1) Leaves cold-treated on one tiller in each of three pots. 
2) Basal sheats cold-treated on one tiller in each of three 
pots. 
3) Hon-treated checks. 
Thus the water jackets were permanently affixed for the duration of 
the treatment. These plants were maintained under natural photoperiods, 
with the time switches controlling the lights reset periodically to corre­
spond closely with normal daylength. Otherwise all conditions were similar 
to those described above in A. 
The treatments were imposed for seven weeks terminating on March 22, 
1964, at which time the plants were transferred to the warm greenhouse 
(70°F) and long (l8-hour) photoperiod for floral development. 
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RESULTS 
Study 1 - Buried Primordia 
A. Depth of placement. Propagules from clones of strain 64 planted 
in the spring with the crowns at soil level (shallow) or buried six inches 
(deep) were potted on September 16 with the crowns at soil level (shallow) 
or buried six inches (deep). These petted propagules were maintained in 
the warm greenhouse under a 16-hour photoperiod until November 26, when 
they were transferred to the cold house and natural photoperiods for four 
weeks of induction. The effect of burying the stem apices upon receptive-
ness to inductive factors was thus evaluated. 
Table 2 indicates that no flowering occurred when the crown was 
buried, and that some flowering occurred when the crown was at the soil 
surface during induction. However, flowering was very light from plants 
with the unburied croms, averaging less than one floral stalk per pot. 
Table 2. Date of first floral emergence and number of inflorescences per 
pot from propagules of strain 64 planted at two depths prior to 
induction (average of six replications) 
Date of Number of 
Treatment first floral emergence floral stalks per pot 
Average kange Average Range 
1. Shallow to shallow Feb. 16 Feb. 6 - Feb. 20 0,7 0-3 
2. Shallovf to deep 0.0 
5. Deep to shallow Jan. 27 Jan. 21 - Feb. 2 0.8 0-4 
4. Deep to deep 0.0 
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The depth of the crown, in the field prior to potting had no apparent effect 
upon the flowering response, since treatments 1 and 3 gave relatively 
similar results except for date of first emergence. The earlier emergence 
by treatment 3 plants (deep to shallow) as compared to treatment 1 plants 
(shallow to shallow) is not considered significant since less than 50fo of 
the replicates flowered. Thus the data are too limited to permit any con­
clusions on this point. 
Prior to induction it was noted that the basal sheaths were generally 
much elongated, averaging eight inches, and that little or no tillering 
had occurred. Following induction, it was again noted that where some 
tillering was in evidence, flowering had occurred (treatments 1 and 3), 
B. Time for induction. This portion of the study was designed to 
indicate if longer exposure to inductive factors would overcome any in­
hibition caused by burial of the stem apices, providing such an inhibition 
did existe At the same time that group A was prepared, a separate group of 
propagules of strain 64 was planted with the crowns buried at least four 
inches deep. Inducting each half of these propagules for two different 
lengths of time gave the results summarized in Table 3. 
Table 3. Date of first floral emergence and number of inflorescences per 
pot from deep-seated propagules of strain 64 under two lengths 
of induction (average of ten replications) 
Date of Number of 
Treatment first floral emergence floral stalks per pot 
Average Range Average Range 
4 weeks of induction 0.0 
8 weeks of induction Feb. 20 Feb. 15 - Feb. 22 0.6 0-2 
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As in group A the "basal sheaths were very elongated, stands were thin 
and little tillering occurred. The only flowering occurred with the longer 
induction period, but the number of inflorescences was less than one per 
pot. Where flowering did occur, slight tillering was evident and the 
stand was somewhat more dense. 
Thus it is apparent that longer induction periods tend to overcome the 
inhibitory effect of burying the crown. Also evident during the course of 
this investigation was the greater tillering of plants exposed for the 
eight week period to the short photoperiods during induction. 
C. Hilling. In the fall of 1961 clones of strains 64 and 47 in the 
field were hilled with soil or not hilled. These clones overwintered in 
the field and were thus subjected to natural induction. 
Observations of these sods the following spring and summer indicated 
that strain 64 produced numerous inflorescences regardless of treatment, 
except that the hilled plants had 30^ fewer inflorescences than the un­
billed strain 64 clones (see Figure 4). Strain 47, hilled, produced no 
inflorescences, iràiereas the unbilled clones produced numerous floral 
stalks (see Figure 5). Thus strain 47 was more sensitive to burial of 
the crown than was strain 64. In either case, burial of the crown had 
an adverse effect on flowering; in strain 64, flowering was reduced by 
a third and in strain 47 flowering was completely prevented. In 1963 no 
carryover of the treatments was found to exist as all clones flowered pro­
fusely. By late 1962 the soil around the hilled plants had been washed 
away. 
When the data ware recorded in 1962 it was noted that the hilled 
clones had longer basal sheaths and fewer tillers than the unbilled clones. 
Figure 4. Strain 64 clones, hilled (left) and unbilled (right) 
the previous fall. Photographed on May 15, 1962 
Figure 5, Strain 47 clones, hilled (three clones on right) and 
unbilled (single clone on left, with inflorescences) 
the previous fall. Photographed on May 15, 1962 
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These three related investigations indicated that burial of the 
crown had an adverse effect on subsequent flowering. Further, it was 
noted that burying the crown resulted in elongation of the basal sheaths. 
Also, elongation appeared to be induced ly subjecting the plants to long 
photoperiods prior to induction. In investigations A and B pretreatment 
consisted of exposure to 16-hour photoperiod prior to transfer to inductive 
conditions. Where flowering did occur, tillering was in evidence. In 
study B the longer exposure to the short photoperiod during induction re­
sulted in more tillering and in greater flowering. 
Orchardgrass breeders have long known that differences in floral 
expression exist among orchardgrass plants of varied genetic backgrounds» 
Such a difference is clearly evident in the responses of strains 64 and 
47 to the hilling treatments in investigation C. 
Study 2 - Effect of Pretreatment with Long or Short 
Photoperiods on Subsequent Flowering 
Propagules of strain 148 were treated with short (natural), 18-hour 
or 24-hour photoperiods prior to induction, to study the response of such 
pretreated plants to inductive factors. 
The pre-induction treatments affected the morphological development 
of the plants in that the plants exposed to the short (natural) photo­
periods tillered actively and elongated very little. Conversely, the 
plants exposed to the 18-hour or 24-hour photoperiods were very elongated, 
with virtually no tillering in evidence. Table 4 contains a summary of 
the data obtained, giving the date of first floral emergence and the number 
of inflorescences per pot. 
47 
Table 4. Date of first floral emergence and number of floral stalks per 
pot from propagules of strain 148 treated prior to induction 
with several photoperiods 
Treatment 
Date of 
first floral emergence 
Average fiange 
Number of floral 




-inducted (12 reps) 
-checks (8 reps) 
normal photoperiod 
-inducted (l2 reps) 
-checks (8 reps) 
Group B 
24-hour photoperiod 
-inducted (8 reps) 
-checks (7 reps) 
normal photoperiod 
-inducted (8 reps) 
-checks (7 reps) 
April 5 Mar^h 30 - April 23 
March 24 March 21 - March 26 
April 10 April 7 - April 13 
April 15 April 9 - April 22 
April 4 April 1 - April 8 















The tillered plants in both groups flowered more profusely and emerged 
earlier than the elongated plants, with a narrower range for emergence of 
all inflorescences from first to last. Also, the checks of the tillered 
plants produced some sterile inflorescences, although these plants had not 
been placed under low temperature inductive conditions. These data suggest 
that a plant pretreated with short photoperiods is more receptive to low-
temperature inductive stimuli than a plant pretreated with long photo­
periods. 
It "Was noted that the inflorescences produced by the tillered plants 
had a small proportion of lax fascicles, whereas the elongated plants had 
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inflorescences with fascicles that were usually lax. Sizes of the in­
florescences varied also. Measuring the length of the inflorescences from 
the node of the lowest panicle branch on the rachis to the tip of the 
apical fascicle gave the following averages: 
Group A; elongated plants = 16-,2 cm long 
tillered plants = 13.3 cm long 
Group B: elongated plants = 17.3 cm long 
tillered plants = 11.5 cm long 
Thus, the tillered plants from warm-short days produced more inflorescences, 
which were smaller and more compact and which had dense fascicles in com­
parison to iiie elongated plants which produced few inflorescences, the 
majority of which were longer and had lax fascicles. 
The period of time required for floral emergence following induction 
varied with treatments. All the plants within the tillering treatments had 
initial floral emergence within 16 to 23 days. The elongating plants took 
approximately twice as long for initial emergence, requiring some 24 to 50 
days. 
This study confirmed the suggestion made in study 1 that a plant pre-
treated with long photoperiods, and consequently having an elongated ap­
pearance, is less receptive to inductive stimuli, whereas a short photo-
period pretreatment predisposes the plant to produce more inflorescences, 
with denser fascicles, earlier and more nearly at the same time. These 
plants also develop more tillers. 
Plants that have been pretreated with a long photoperiod, when placed 
under a short-cold photoperiod for induction, will become inducted if left 
for a sufficient length of time, but are slower in their response than 
plants pretreated with short-wai*m photoperiods. 
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Little difference was recorded between the 18-hour and the 24-hour 
photoperiodic pre-induction treatments. The slightly greater flowering of 
the 24-hour (group B) plants may have been due to the lower temperatures 
that were obtained during induction of the group B plants. The averages do 
not indicate this difference since the average temperature during induction 
o o 
of the group A plants was 47.4 F as compared to 46.5 F during induction of 
the group B plants. However, minimum temperatures of 17°F or slightly 
higher occurred for several successive nights during the group B induction 
period. Such low temperatures did not occur during the group A induction 
period. 
Study 3 - Effect of Transplanting 
on Subsequent Flowering 
On September 16, 1961, two propagules were selected from each of 
several clones of strain 64 and subjected to the following clipping treat­
ments: roots and/or tops not clipped, clipped 50^ or 100^. One of the 
treated propagules from each clone was then potted in a can and both the 
potted and non-potted propagules were placed side by side in the field. 
In January when these propagules were dug, the potted propagules consti­
tuted the undisturbed group whereas the non-potted were disturbed by the 
digging process. The clipping of the tops or roots in September would 
indicate if such treatments at planting time affected subsequent flowering. 
Table 5 contains a summary of the data. The disturbed group (non-
potted) consistently outproduced the undisturbed group (potted), producing 
two times as many inflorescences per pot, on the average. The average date 
of first floral emergence was highly consistent throughout, occurring usu-
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Table 5. Number of inflorescences per pot from propagules of strain 64 
subjected to various clipping treatments in September and dis­
turbed or undisturbed by transplanting in early January (average 
of four replications) 
Number of floral stalks per pot 
Treatment Undisturbed Disturbed 
Average Range Average Range Total 
1. Roots and tops intact 5.8 3-6 4,8 1-11 8.6 
2. Roots clipped 50%, tops intact 3.0 2-5 6.0 3-9 9.0 
3. Roots intact, tops clipped 50% 1.0 0-2 8.0 0-15 9.0 
4. Roots and tops clipped 50% 3.5 1-8 6.5 1-11 10.0 
5. Roots clipped 100%, tops intact 1.2 0-3 3.0 0-6 4.2 
6. Roots intact, tops clipped 100% 2.0 0-7 3.0 0—6 5.0 
7. Roots and tops clipped 100% 4.5 0-7 5.0 0-11 9.5 
Average 2.7 5.2 
ally on February 4, and in all pots, within the period of January 29 to 
February 15. It is apparent that the plants recovered sufficiently from 
the clipping treatments imposed in. September to survive winter conditions. 
Death of one-fourth to one-third of the tillers was noted in five propa­
gules, all of which had received a root clipping treatment with the tops 
not clipped. Otherwise, no loss of plant material occurred. 
A comparison of treatment totals in Table 5 provides no indication 
that mistreatment of the plants in September was later reflected in floral 
expression, except in treatments 5 and 6. In treatment 5, complete re­
moval of the roots without clipping the top growth may have subjected the 
plant to the water stress imposed by a large transpirational surface asso­
ciated with a small, and shallow, absorptive surface. In treatment 6, the 
complete removal of the top growth resulted in the removal of stem apices, 
and this in itself might cause a reduction in subsequent flowering. In 
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treatment 3, 50% remoTal of the top growth did not remove aay stem apices. 
However, treatment 7 completely removed all top and root tissue, except 
the crown area, and stem apices were also lost by this treatment. No 
reduction in flowering occurred. The imbalance in water relations ex­
isting in treatment 5 did not exist in treatment 7. The expression of 
crown buds and the subsequent induction and initiation of the stem apices 
may not have occurred in treatment 6 due to a lack of respiratory sub­
strate for the extensive root system. In treatment 7 new roots and shoots 
were expressed simultaneously and neither created the apparent imbalance, 
and consequently, the stress situations that may have existed in treat­
ments 5 and 6. 
Study 4 - Degree-Days 
During the winter of 1961-19 62, propagules of strain 148 were exposed 
to either 45°? ("cold") or 55°F ("cool") inductive temperatures and to one 
of several inductive photoperiods for varying lengths of time. Propagules 
of strain 148 and 64 were similarly treated during the winter of 1962-1963. 
. A. 1961-1962 research. The induction conditions used for this 
portion of the study were temperatures of 45°F or 55°F, 11-, 13-, 14- or 
18-hour photoperiods, and exposure for 10, 15, 20, 30, 60 or 110 days. 
Following induction treatments the plants were transferred to the warm 
(70°F) house and an 18-hour photoperiod for floral development. The 
thermograph readings indicate the following average temperatures for the 
entire experimental period: warm greenhouse, 72.1°Fj cool greenhouse, 
56.3°Fî cold greenhouse, 45.9°F. The temperatures for the separate in­
duction periods wore close to those indicated for the entire period; the 
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largest deviation from the overall mean in the cool house was the average 
for the 20-day induction period which was lo6°F cooler than the overall 
mean. In the cold greenhouse, the greatest deviation was during the 10-
day induction period, which was warmer than the overall mean, by 1.7°F. 
These averages., however, mask the average 14°F fluctuation that occurred 
diumally in the cool house, with a maximum fluctuation of 31°F existing 
on one occasion. In the cold house, the average diurnal fluctuation was 
20°F, with the greatest recorded variation being 53°F. Day temperatures 
were higher, night temperatures lower. Studies 1, 2 and 3 were conducted 
under these same temperature conditions. 
The twenty-two check propagules, maintained in the warm house for 
the entire experimental period, failed to flov/er. The propagules under 
the normal photoperiod tillered profusely, forming a thick stand in each 
pot. The propagules under the 18-hour photoperiod tillered very little 
but elongated rapidly and continuously. The basal sheaths of the tillered 
propagules averaged about one inch in length as compared to the eight-inch 
basal sheaths of the elongated group. 
The data in Table 6 indicate that the basic factor in floral induction 
of orchardgrass is the low temperature stimulus and not the photoperiod. 
For example, flowering occurred under the supposedly unfavorable 18-hour 
photoperiod when the induction temperature was low (4:5°F). KO flowering 
was obtained under the same photoperiod with the 55°F temperature, even 
with a 110-day exposure. Apparently, the more unfavorable the photo­
period, the lower the temperature needed for induction during the some 
length of exposure. 
The data of Table 6 show that flowering occurred under inductive 
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Table 6. Inflorescences per pot of strain 148, 1961-1962 (average of 
four replicates) 
Induction Length of induction (days) 
photoperiod 10 15 20 30 60 110 
Total Mean Mean Mean Mean Mean Range Mean Range 
Cold induction (approximately 45°F) 
11-hour 0 0 0 4 12 10-15 27 13-33 43 
13-hour 0 0 0 0 9 6-13 30 28-35 39 
14-hour 0 0 0 0 12 5-16 32 22-40 44 
18-hour 0 0 0 0 10 1-18 22 17-30 32 
Total 0 0 0 4 43 111 158 
Cool induction (approximately 55°F) 
11-hour 0 0 0 1 12 8-16 30 28-33 43 
13-hour 0 0 0 0 14 13-19 35 22-53 49 
14-hour 0 0 0 0 8 4-12 31 17-40 39 
18-hour 0 0 0 0 0 - 0 - 0 
Total 0 0 0 1 34 96 131 
photoperiods of 14 or 18 hours, given sufficient time and cold temperatures 
(45°F). In Mes, the longest day of the year, June El, has a day-length 
of 15-1/4 hours. This photoperiod would apparently suffice for both floral 
induction and floral development of orchardgrass, providing the low-tem­
perature requirement was met. 
Similarly, when the period of exposure was short, and, therefore, un-
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favorable, the possibility of induction occurring was increased by the 
apparently more favorable short (11-hour) photoperiod and low temperature 
(45°F) treatments (see Table 6, 30-day data). 
The literature frequently implies a need for freezing temperatures 
for floral induction of orchardgrass. The data in Table 6 indicate that 
temperatures of 55°F will suffice if the period of exposure is long. Thus 
this study suggests that the low temperature requirement for induction 
need not be extremely low and that this low temperature stimulus can be 
of primary importance in floral induction of orohardgrasso Photoperiod 
euad duration of induction modifjr the effect of the cool temperatures. 
That orchardgrass does not have a critical photoperiod for induction 
is shown by the data. No marked difference in response was noted within 
the wide range of photoperiods used. If a critical photoperiod does exist, 
it changes with the inductive conditions. For example, the critical photo­
period for both the cold and cool induction temperatures, with thirty days 
of exposure, was between 11 and 13 hours of daylength. For the 60 and 110 
day exposures to oool inductive temperatures, the critical photoperiod was 
somewhere beyond 14 hours. Within the 60- and 110-day exposures no such 
critical photoperiod appeared under cold induction. Thus, for orchard-
grass, the critical photoperiod for induction varies with the inductive 
conditions, and may be absent. 
In Table 7 the data indicate that at comparable photoperiods and 
periods of exposure the cool-treated propagules reached initial emergence 
earlier in four out of six lots. Of the cool-treated propagules, the 
110-day groups with 13- and 14-hour photoperiods developed inflorescences 
while still under inductive conditions. Since this phenomenon did not 
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Table 7. Days to first floral emergence after induction of strain 148, 
1961-1962 (average of four replicates) 
Induction Length of induction (days) 
photoperiod 10 15 20 30 60 110 
Mean Mean Me 801 Mean Mean Range Mean Range 
Cold induction (approximately 46°?) 
11-hour >136* >131* >116®- 44 22 21-23 11 11-12 
13-hour u u 11 >106* 26 22-28 6 4-8 
14-hour It II tt It 27 26-29 6 4-8 
18-hour u It It II 33 26-49 4 4-4 
Cool induction (approximately 55°F) 
11-hour >136®- >131®- >116^ 47 27 20-37 10 8-13 
13-hour II It t1 >106* 9 9-11 __b 
14-hour It tt It II 9 6-10 
__b 
18-hour n It It II >76* - >26* 
^o inflorescences emei'ged and examination of a number of plants 
showed no initiation of floral growth. 
^Emerged while still being inducted. 
occur with the cold-treatments, one can surmise that the cool temperature 
was at least moderately favorable for both induction and floral develop­
ment. Due to diurnal variations, the night temperatures may have been 
sufficiently low for induction and the day temperatures sufficiently high 
to permit growth and a favorable condition for rapid development. It was 
noted that while the cool house propagules grew well, the cold-treated 
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propagules grew very little. Eren under the 18-hour photoperiod, the cold-
treated group elongated "very little "but tillered and produced flowers 
when transferred to warm conditions. The cool treated, 18-hour photoperiod 
group elongated rapidly but tillered very little and did not flower when 
transferred to the warm house. Thus, a situation analogous to that re­
ported previously for short versus long photoperiods exists here also. 
The cold temperatures affected the plant's morphology, inducing tillering 
and limited elongation, as did a short photoperiod, and this condition 
indicates a plant Idaat is more receptive to induction. The results in 
Table 6 indicate that a short photoperiod and law temperatures combined 
result in more profuse and earlier flowering. In general, the cold-
treated propagules produced more floral stalks than the cool-treated 
group. Perhaps this result is due to the greater tillering, and, there­
fore, greater number of potential stem apices for induction. 
A check of the size of the inflorescences (length of the inflorescence, 
measuring from the lowest node at which a panicle branch arises to the tip 
of the apical fascicle) gave the following overall averages: cold treated 
= 14.5 cm; cool treated = 14.6 cm. However, the variations in length were 
far greater and more frequent in the cold treated plants. 
B. 1962-1963 research. The inductive conditions used for this por­
tion of the study were induction temperatures of 45°F or 55°F, and 12-, 
14-, 15- or 16-hour induction photoperiods and exposure for 15, 30 or 60 
days. In contrast to the 1961-1962 experiment, the plants used here were 
exposed to warm-short days (approximately 10-hour photoperiods) before 
induction treatments. Following inductive treatment, the plants were 
"transferred to the warm (70°F) house and an 18-hour photoperiod for floral 
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development. 
The temperatures during the course of the treatments in both the 
cool house and the cold house were recorded by thermograph recorders, 
with the following results : 
Cold house Cool house 
15-day average = 46.2°F 52.2°F 
30-day average = 45.8°F 51.8°F 
60-day average = 46.8°F 53.3°F 
These averages mask the wide diurnal fluctuations that existed, 
averaging approximately 20°F in the cold house and approximately 10°F in 
the cool house; the temperatures were higher during the day, lower at 
night. Studies 5, 6 and 7 also were conducted under these temperature 
conditions. 
The check plants did not produce any inflorescences, and failed to 
flower even when the normal day length increased during late spring. 
Differences between strains were large: strain 148 flowered earlier 
(Table 10 versus Table 11) and more profusely (Table 8 versus Table 9) 
than strain 64. 
An unexpected result was the decreased number of floral stalks per 
pot under 30 days of induction, as compared to the 15-day group (Tables 
8 and 9). The longer the exposure to inductive stimuli, the greater the 
expected flowering response. A probable explanation lies in the exposure 
of these plants to freezing temperatures when the heating system failed 
for nearly 20 hours shortly after transfer of the 30-day group to the 
warm-long photoperiod house. It is possible that the stem apices of the 
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Table 8. Inflorescences per pot of strain 148, 19C2-1963 (average of 
four replicates) 
Length of induction (days) 
Induction 15 30 60 
photoperiod Mean Range Mean Range Mean Range Total 
Cold induction (approximately 45°F) 
12-hour 8 4-11 8 5-16 20 18-24 36 
14-hour 14 10-22 5 1-11 14 12-15 33 
15-hour 10 6-15 5 2-9 12 8-16 27 
16-hour 9 3-13 13 4-21 16 12-20 38 
Total 41 31 62 134 
Cool induction (approximately 55°F) 
12-hour 11 4-16 7 3-11 12 8-14 30 
14-hour 16 12-20 8 2-12 13 7-18 37 
15-hour 12 8-17 9 3-18 9 4-12 30 
16-hour 12 10-15 11 5-18 5 2-12 28 
Total 51 35 39 125 
30-day plants were in a more sensitive stage of development and were 
injured at this time by the freezing temperatures. 
The greater sensitivity to inductive stimuli of the plants in this 
experiment as compared to those in the previous degree-days experiment 
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Table 9. Inflorescences per pot of strain 64, 1962-1963 (average of 
four replicates) 
Length of induction (days) 
Induction 
photoperiod 
15 30 60 
Total Mean Range Mean Range Mean Range 
Cold induction (approximately 45°F) 
12-hour 2 0-7 1 0-5 16 13-20 19 
14-hour 9 5-13 1 0-3 14 9-14 24 
15-hour 7 3-13 6 0-12 10 7-17 23 
16-hour 4 1-6 0 - 12 6-17 16 
Total 22 8 52 82 
Cool induction (approximately 55°F) 
12-hour 9 6-13 3 2-4 14 13-15 26 
14-hour 6 0-8 2 0-3 11 5-20 19 
15-hour 9 5-14 4 0-12 4 4-5 17 
16-hour 8 3-16 1 0-3 9 1-17 18 
Total 32 10 38 80 
(Tables 8 and 9 versus Table 6) is indicated by the profuse flowering 
with only 15 days of exposure. Thus, plants that were pretreated by 
exposure to short photoperiods prior to induction were much more receptive 
to induction factors. 
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Table 10. Days to first floral emergence after induction of strain 148, 
1962-1963 (average of four replicates) 
Induction 
photoperiod 
Length of induction (days) 
15 30 60 
Total Mean Range Mean Range Mean Range 
Gold induction (approximately 45°F) 
12-hour 16 15-18 15 4-26 
a 
31 
14-hour 16 13-17 10 6-15 
a 
26 
15-hour 17 16-17 13 11-16 
a 
30 
16-hour 17 9-26 9 8-11 
a 
26 
Total 66 47 
a 
113 
Cool induction (approximately 55°F) 
12-hour 15 11-17 12 10-15 5 5-6 32 
14-hour 13 9-16 8 4-15 
_a 
21 
16-hour 13 10-16 6 4-9 
a 
19 
16-hour 13 9-17 4 2-8 
a 
17 
Total 54 30 5 89 
^Emerged while still under induction. 
Study 5 - Effect of Various Photoperiods 
Upon Rate of Floral Development 
Propagules of strain 64 that had been inducted for two months were 
subjected to five photoperiods to study the effect of various development 
photoperiods on rate of floral emergence and on number of inflorescences 
developed. 
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Table 11. Days to first floral emergence after induction of strain 64, 
1962-1963 (average of four replicates) 
Length of induction (days) 
Induction 
photoperiod 
15 30 60 
Total Mean Range Mean Range Mean Range 
Gold induction ( appr oximate ly 45°F) 
12-hour 26 26-26 17 17-17 9 8-10 52 
14-hour 24 18-36 16 15-16 8 7-10 48 
15-hour 29 22-35 15 10-19 5 0-11 49 
16-hour 25 21-31 >72* - 6 0-9 31 
Total 104 48 28 180 
Cool induction (approximately 55°F) 
12-hour 20 16-22 22 20-25 11 9-14 53 
14-hour 21 19-22 9 8-10 
__b 
- 30 
15-hour 20 19-22 9 7-11 
__b 
- 29 
16-hour 19 16-20 17 17-17 
__b 
« 56 
Total 80 57 11 148 
®lIo inflorescences emerged and examination of the stem apices showed 
that no initiation of floral growth had occurred. 
^Emerged while still being inducted. 
Table 12 indicates that the number of days following induction that 
were required for first floral emergence decreased as the photoperiod in­
creased. And, conversely, the shorter the photoperiod, the longer the 
period to initial floral emergence. Further, the range in initial emer-
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Table 12, Days following induction for first floral emergence from in­
ducted propagules of strain 64 under various development 
photoperiods 
Floral development photoperiod 
Replication Normal 
(approx. 13 hrs.) lé-hour 16-hour 18-hour 20-hour 
1 26 21 17 16 12 
2 26 20 17 15 12 
3 30 24 16 15 12 
4 26 21 16 15 12 
5 28 21 17 16 13 
6 28 18 16 15 12 
7 28 21 16 17 12 
8 26 21 17 16 12 
Average 27.2 20.9 16.5 15.6 12.1 
gonce date was narrower with the longer photoperiods, resulting in floral 
emergence taking place more nearly at the same time under the 16-hour or 
longer photoperiods. Also, the longer the development photoperiod, the 
smaller the difference in initial emergence rats over the previous photo­
period. 
The effect of the various development photoperiods upon total number 
of inflorescences is given in Table 13. It should be noted that this 
study was terminated on May 7, prior to complete expression of all in­
ducted apices. The longer photoperiods permitted a more rapid and more 
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Table 13. Inflorescences per pot of strain 64 under various develop­
ment photoperiods 
Floral development photoperiod 
Replication Normal 
(approx. 13 hrs.) 14-hour 16-hour 18-hour 24-hour 
1 2 6 8 7 14 
2 5 5 3 13 12 
3 3 7 8 6 11 
4 3 5 7 11 12 
5 9 6 14 13 9 
6 6 2 13 8 11 
7 2 8 12 12 7 
8 3 3 8 12 15 
Average 4 5 9 10 11 
complete expression of inflorescences. With time, the plants under the 
shorter photoperiods may have produced a similar number of inflorescences 
as were produced by the 16, 18 and 24-hour photoperiods. 
The ten non-inducted check propagules did not flower. These check 
propagules were placed under the floral development photoperiods (two per 
photoperiod) on March 28, having been maintained under normal photoperiods 
prior to this date. The results of this study suggest that floral in­
duction and development are separate phenomena and these data provide 
further support to Gardner and Loomis' (32) findings that such a separate-
ness exists in orchardgrass. 
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Study 6 - Effects of Long-Term Unfavorable Photoperiods 
and Temperatures on Flowering of Orchardgrass 
On December 5, 1962, propagules of strain 148 were subjected to the 
following treatments * a) continuous cold (45°F) and normal photoperiods; 
b) continuous cold and 18-hour photoperiod; c) continuous warm (70°F) 
and normal photoperiods; d) continuous warm and 18-hour photoperiod» 
The continuous cold and normal photoperiod group flowered in late 
April, when natural photoperiods were longer and floral development was 
favored. It was found impossible to maintain the greenhouse at the 45°F 
temperatures at this time. An average of twelve inflorescences per pot 
(five replicates) were produced. 
The propagules maintained under the continuous cold and 18-hour 
photoperiod treatment all flowered on February 20, and averaged six 
inflorescences per pot. These results demonstrate that both induction 
and initiation can occur under long photoperiods, verifying the results 
obtained in study 4. 
The continuous warm and natural photoperiod treatment resulted in 
weak and abnormal flowering on April 27 when the natural day lengths were 
longer. Only one inflorescence per pot developed, and these were barren, 
with extremely lax fascicles. 
The plants treated with continuous warm and 18-hour photoperiod 
failed to flower, except that one inflorescence developed in each of 
two replicates on February 25. These inflorescences were both barren 
with lax fascicles. 
A separate group of propagules of strain 148, maintained under warm 
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temperatures and normal and 18-hour photoperiods for thiee years, have 
failed to flower (see Figure 6). These ten propagules (five under each 
condition) and the prsTiously stated results indicate the importance of 
cool temperatures in floral induction of orchardgrass. 
Study 7 - Minimum Stage of Maturity for Floral Induction 
Seeds of polycross 64= strain were vernalized, and seedlings of poly-
cross 64 strain varying in maturity from the 2-leaf through the 8-leaf 
stages were subjected to short (natural) photoperiods and cold (45°F) 
temperatures for five weeks to determine the minimum stage at which 
floral induction would occur. 
A. Seed vernalization. By the end of the summer, all the plants in 
this portion of the study were vegetative, with no signs of floral stalks 
developing. A check of ten randomly selected stem apices (four from the 
check plants) indicated that a vegetative condition existed and that no 
floral initiation was in progress. 
B. Seedling induction. On April 15, one inflorescence in each of 
three treated pots of the 8-leaf stage was expressed. No other flowering 
occurred in either the treated or check (untreated) plants. It would 
appear that under the conditions stated, the 8-leaf stage was the minimum 
stage of maturity for floral induction in orchardgrass. These results 
confirm casual observations made in the greenhouse and in the field that 
the 8 to 10-leaf stages, from seed, were noted to be the minimum stages 
of maturity required for floral induction. Of significance is the fact 
that the main tiller in each of the three 8-leaf stage pots were inducted 
while profuse tillering (expression of crown buds) was taking place. Thus, 
Figure 6, Propagules of strain 148, maintained in a "vegetatiTe 
condition for three years, under warm temperatures 
and normal photopariods (left) and 18-hour photo-
period (right), in a greenhouse 
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further evidence is provided to negate the suggestion made by Gardner (Sl) 
that expression of basal buds may be detrimental to floral induction of 
the main tillers. 
Study 8 - Preconditioning 
Propagules of strain 148 were pretreated with a wann temperature, 
short (natural) photoperiod, then exposed for zero, one, two or three 
weeks to a warm temperature, long ( 18-hour) photoperiod prior to cold in­
duction under one of two photoperiods to determine if a loss of the short 
photoperiod effect would occur. 
The average temperature for the cold induction periods closely approx­
imated the desired 45°F temperature, with variations of slightly less than 
+ 1°F registered. The propagules transferred directly from the warm-short 
pretreatment to the cold-short-day induction condition, without the warm-
long interim treatment, flowered after two and three weeks of cold. One 
normal inflorescence per pot was obtained from the propagules subjected 
to two weeks of exposure, whereas an average of two normal inflorescences 
per pot was obtained from the propagules treated for three weeks. The 
propagules treated with the cold and 18-hour photoperiod conditions, with­
out pretreatment with the warm-long conditions, produced only one barren 
8uid lax inflorescence per pot after a three-week exposure. 
The warm temperature, 18-hour photoperiod treatment, interposed 
between the warm-short and the cold induction treatment, completely pre­
vented any flowering except in one lot, even when imposed for only one 
"Week. The exception was the treatment involving one week of exposure to 
the warm-long condition following the warm-short treatment, and then in­
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ducted for three weeks uader cold-short conditions. An average of 0.5 
inflorescences per pot was produced, and these were all barren and lax. 
Thus, it appears conclusive that the warm-short effect can be lost by 
only one week of exposure to warm-long conditions prior to cold induction. 
Apparently, the three weeks of cold-short induction partially overcame 
this loss, but only abnormal inflorescences were produced. Possibly, 
longer exposures to inductive factors would have resulted in overcoming 
the detrimental effects of the warm-long interim treatment. 
The plants subjected to the warm-long treatment for three weeks had 
not lost their tillered, prostrate appearance caused by the previous warm-
short exposure. Nevertheless, flowering was prevented. This would further 
suggest that the tillered and prostrate condition of a plant is not in 
itself the cause for floral stimulus. 
These results stress the importance of proper photoperiodic control 
in greenhouses where outside sources of light may seriously affect the 
plant's response to floral induction. 
Study 9 - Point of Induction 
A. 1962 experiment. Cold water, maintained at 40°F, was circulated 
through water jackets affixed either to the leaves or to the basal sheaths 
of two tillers of strain 148 being treated in each pot. Treatments con­
sisted of light, dark or continuous cold treatment. Supplementary lighting 
was provided by banks of lights, maintaining a 12-hour photoperiod treat­
ment throughout the study. Two sets of propagules were treated, each for 
five weeks, and these were then placed in a warm house under 18-hour photo-
period for floral development. 
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One normal inflorescence was produced by one tiller receiving a con­
tinuous cold treatment on the basal sheath. Otherwise, no flowering 
occurred from any treatment nor from the check plants in either of the 
two groups. The single inflorescence produced was not considered to be 
sufficient evidence for any conclusions to be drawn® 
Be 1964 experiment. Conducted essentially as in 1962, this portion 
of the study involved continuous cold treatment to either basal sheaths 
or leaf blades for seven weeks. No flowering resulted in any of the 
treated propagules nor from the check propagules. One propagule died, 
probably due to the interference with translocation by cold treatment of 
the basal sheath. 
It is possible that the short water jackets (2" long) did not treat 
sufficient tissue for formation of the floral stimulus, or that the stim­
ulus was destroyed during translocation through untreated tissue. 
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DISCUSSION 
Interest in the photoperiodic and thermoperiodic responses of the 
forage grasses has increased considerably recently. Orchardgrass, a forage 
species of major importance, had received only perfunctory study until 
Gardner (30) and Gardner and Loomis (32) undertook numerous experiments to 
elucidate its flowering response. Such information is both of practical 
and of theoretical importance to the plant breeder and to the plant scien­
tist. The present researches were conducted to provide additional infor­
mation concerning known concepts in the flowering response of orchardgrass, 
to clarify apparent contradictions in the literature and to study areas 
not previously investigated. 
Gardner (SO) and Gardner and Loomis (32) found that under natural 
(field) conditions, orchardgrass was inducted to flower during the short 
days and cool temperatures of the fall, after November 1. The following 
spring, the inducted stem apices initiated floral primordia and developed 
macroscopic flowers under lengthening photoperiods and warm temperatures. 
In the present studies it is evident that under artificial (greenhouse) 
conditions, orchardgrass can be inducted under cool temperatures and long 
photoperiods, even as long as 18 hours, providing the temperatures are 
sufficiently low (45°F) and the period of exposure is long (110 days). 
Indeed, both floral induction and floral development will occur under 
cool temperatures and intermediate photoperiods (12-16 hours) if exposed 
a sufficient length of time. Floral development will proceed more rapidly, 
however, if photoperiods of 16 or more hours are imposed (study 5). 
Gardner (3l) reported no flowering from orchardgrass inducted under cool 
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temperatures and photoperiods greater than 14 hours. Apparently the in­
duction temperatures were not sufficiently low to offset tiie unfavorable 
induction photoperiods, or the length of exposure was too short. However, 
the present studies support the findings of Gardner (30) and Gardner and 
Loomis (32) concerning flowering of orchardgrass under field conditions, 
since unfavorable conditions exist that cannot be modified as they are in 
the greenhouse. Further, Gardner (3l) suggested that constant photoperiods 
may provide better flowering responses than changing photoperiods. Thus, 
these earlier studies indicate that the induction temperature, photoperiod 
and duration of exposure all modify the flowering response of orchardgrass. 
Our data indicate that the basic factor in floral induction of orchard-
grass is the low temperature stimulus rather than the photoperiod. Photo-
period and duration of exposure modify the effect of the cool temperatures, 
a directly opposite situation to that reported for Melilotus by Kasperbauer 
(43). Flowering occurred rarely under warm temperatures (70°F), and only 
lax and barren inflorescences were produced when flowering did occur. 
Gardner and Loomis (32) found that only moderate temperatures, about 50°.F, 
are needed for vernalization of orchardgrass and the present data confirm 
this finding. However, the citations in the literature frequently mis­
interpret this finding and attribute a need for freezing temperatures. 
The precise nature of the cool temperature stimulus is not ktiovm. TOiether 
vernalii ation results in the activation of a gene-enzyme system, or results 
in the production of a flower forming substance, or whether vernalization 
merely removes some physiological restriction to floral induction remains 
to be determined. 
Sparse flowering under warm conditions occurred occasionally, but 
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these inflorescences were sterile and had lax fascicles, Th0 thermograph 
recorders failed to indicate any low temperatures in the warm houses to 
account for the induction of some of the check plants, but these recorders 
respond slowly to sudden changes in temperature. Therefore, it is possible 
that frequent, short-term drops in temperature may have occurred, especially 
during the nights. At any rate, sparse barren inflorescences were pro­
duced in the warm house if a short photopariod was in effect and if strain 
148 was inYolved. 
The various studies conducted here indicated that the photoperiod to 
which orchardgrass was treated prior to induction can alter the experimental 
results. Exposure of the plants to long photoperiods and warm temperatures 
prior to induction resulted in reduced sensitivity to low temperature in­
duct ion c On the other hand, pretreatment with warm-short conditions re­
sulted in plants that were much more receptive to cold inductive factors, 
in that more moderate temperatures and shorter periods of exposure resulted 
in satisfactory flowering. Plants that had been treated to warm-short con­
ditions were decumbent and tillering, with little elongation. It is sug­
gested that selection of tillering and decumbent plants for induction 
would probably result in improved flowering of cool season grasses. It is 
probable that the greater sensitivity of tillered plants is coincidental 
with the short photoperiod stimulus and not directly responsible for the 
floral stimulus. Elongation of the basal sheaths is stimulated and tiller­
ing hindered by burial of the crown and by warm temperatures as well as by 
long photoperiods. Further, these conditions also hinder floral induction 
in orchardgrass. In study 3, injury due to transplanting was found un­
likely to be a factor in floral production by orchardgrass» The loss of 
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the warm temperature - short photoperiod effect by a short exposure to 
long photoperiods was clearly demonstrated in study 8. This stud)' and 
the previous experiments suggest that the short photoperiod effect and 
the low temperature effect are distinct, with one influencing the other 
in terms of net stimulation to flowering, providing the short day precedes 
the low temperature (32). Further, since the short photoperiod effect 
alone will not result in flowering, it appears that the low temperature 
may have a greater compensation action than the short photoperiods in the 
interaction of the two stimuli. Also, there may be a build-up of the 
short photoperiod effect under warm temperatures such that the most rapid 
flowering may be obtained by treatment first with warm temperatures and 
short photoperiods, then cold temperatures and long photoperiods. Such a 
response was suggested by the results of the studies conducted here. 
In study 4, a second effect, probably attributable to the short photo­
period pretreatment, is the narrow difference in total inflorescences pro­
duced by the cold-inducted as compared to the cool-inducted groups (Tables 
8 and 9). Also, the cool-treated 15- and 30-day propagules out-produced 
the corresponding cold-treated propagules. The results contradict the data 
for the previous degree-days experiment (Table 6) where the cold-inducted 
propagules consistently out-produced the cool-treated propagules. This 
difference is attributed to the different pretreatments imposed in the two 
experiments. The receptive propagules of the 1962-1963 degree days experi­
ment produced more growth under the cool-temperature treatment and thus 
had a greater number of stem apices available for induction. The cold-
treated propagules of the 1961-1962 degree-days experiment produced more 
inflorescences, presxmiably due to the greater induction possible with the 
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lower temperatures after the plants had been pretreated with a long photo-
period and were thus less receptive to inductive stimuli. 
The data in Table 6 indicate that flowering failed with a 55°F in­
duction temperature and an 18-hour photoperiod, even with 110 days of 
exposure. However, with a 45°F induction temperature and an 18-hour photo-
period, flowering was profuse in both the 60-day and 110-day groups. These 
1961-1962 data were based upon treatments to propagules that were pretreated 
with a 16-hour photoperiod. In Tables 8-11, which contain data from pro­
pagules pretreated with short (natural) photoperiods, no advantage for the 
colder induction temperature (45°P) over the cool temperature (55°F) 
existed in the 1962-1963 tests. The induction photoperiod in this latter 
experiment did not exceed 16 hours, however. These and other results that 
were obtained suggest that the photoperiod effect is a quantitative one, 
whereas the temperature effect is qualitative. 
At comparable photoperiods and lengths of induction,floral emergence 
in the cool-treated propagules was usually more rapid than in the cold-
treated propagules. Under cool induction the warm daytime temperatures 
permit more growth, whereas the cooler night-time temperatures probably 
assure induction, thus giving the cool-treated propagules the advantage 
over the slower growing cold-treated propagules. Several investigators 
(3, 23, 65) have suggested that vernalization takes place mainly during 
the dark period. The data in Tables 7, 10 and 11 indicate that initial 
floral emergence following induction was earlier as the period of exposure 
to inductive factors increased. Further, these data show that under 60 or 
110 days of exposure the first floral emergence could take place under in­
ductive conditions, especially when cool-treated. 
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Marked variations in the floral responses of the different strains 
were evident. Such variations emphasize the problems faced by orchard-
grass breeders when attempting inter-strain crosses. It is suggested 
that induction and initiation to permit crossing of different strains be 
done under cool temperatures (50-55°F) with diurnal variations of 10°F 
higher than the average during the day and 10°F cooler than the average at 
night. Such a temperature might permit a balance between induction and 
growth, with production of fertile and compact inflorescences that would 
produce the most satisfactory flowering for breeding purposes. Further, 
an intermediate photoperiod for induction (13-16 hours) would also be most 
suitable. Such a photoperiod would permit induction and initiation at a 
rapid rate. Also, the cool temperatures and intermediate photoperiods 
would permit continued tillering and production of inflorescences, a situ­
ation that may be necessary where flowering date varies amongst strains. 
For optimum results, pretreatment for at least three weeks with warm 
temperatures (about 70°F) and short photoperiods (9 or 10 hours) would be 
indicated. 
A frequent problem of orchardgrass breeders is the unresponsiveness 
of seedlings to floral induction. Study 7 indicates that the minimum 
stage of maturity for floral induction from the seed stage onward to be 
the 8-leaf stage. It was observed that there seemed also to be a minimum 
stage of maturity for floral induction of tillers, but this aspect of the 
problem was not investigated here. 
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simmiry and conclusions 
The photo-thermoperiodic responses of orchardgrass (Dactylis glomerata 
L.) were investigated to elucidate the floral responses of this important 
forage crop, to resolve conflicting reports in the literature, and to 
investigate aspects of orchardgrass flowering hitherto unstudied. These 
experiments were conducted in the greenhouse and in the field at Ames, 
Iowa (42° 00* N, 93° 39' W). Three local strains were investigated; 
strains 148 and 64, both heavy seeders, and strain 47, a light seeder. 
The possibility that burial of the crown may interfere with flowering 
of orchardgrass was investigated. Strain 64 propagules were potted deep 
and shallow (crown at ground level), inducted for four weeks under 45°F 
and short photoperiods, then transferred to a 70°F house and 18-hour photo-
period for floral development. Burial of the crown completely prevented 
flowering. Extending the exposure to induction by four more weeks parti­
ally overcame this inhibition. Hilling of strain 64 and strain 47 clones 
in the field the previous fall resulted in a 30^ reduction in inflorescences 
produced by strain 64 the next spring, and complete inhibition of flowering 
by strain 47. 
The effect of treating strain 148 propagules for three weeks with 
warm temperatures and 18-hour versus short (normal) photoperiods prior to 
induction resulted in greatly reduced flowering by the propagules pre-
treated with long photoperiod. Further, these inflorescences were barren 
and lax, whereas the inflorescences produced by the propagules pretreated 
with short photoperiods were compact and fertile. The morphology of the 
plants was affected: the 18-hour photoperiod treatment resulted in little 
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tillering but very elongated basal sheaths while the short photoperiod 
produced highly tillered plants with little elongation. Warm temperatures 
and hilling or burial of the crown also produced elongated plants with 
reduced tillering. 
The possibility that transplanting injury may affect flowering was 
investigated by separating pairs of propagules from strain 64 clones in 
the field and subjecting each pair to the following clipping treatments 
in September: roots and/or tops not clipped, clipped bCffo or 100^. One 
propagule of each pair was potted in a metal can and the other reset in 
the field. On January 6, these were dug and placed in a 70°F house under 
18-hour photoperiod for floral development. The clipping treatments had 
no effect on flowering, except where 100% of the roots only or 100^ of the 
^tops only were removed, reducing flowering by 50^. Further, the disturbed 
group (non-potted) consistently outproduced the imdisturbed group (potted). 
Winter injury occurred only in five propagules receiving root clipping 
treatments. 
During the winter of 1961-1962, propagules of strain 148 were inducted 
under 45°P or 55°F temperatures with 11-, 13-, 14- or 18-hour photoperiods 
and exposed for 10, 15, 20, 30, 60 or 110 days. Following induction, these 
plants were transferred to a 70°F house and 18-hour photoperiod for floral 
development. The data indicated that the basic factor in floral induction 
is the low temperature stimulus. Apparently, the more unfavorable the 
photoperiod, the lower the temperature needed for induction, or the longer 
the period of exposure required. Flowering did not occur with less than 
30 days of exposure, except under the 11-hour photoperiod. The data also 
indicate that temperatures of 55°F will suffice for floral induction if 
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the period of exposure is sufficiently long, and that freezing temperatures 
are not necessary. It was also shovm that a critical photoperiod for in­
duction of orchardgrass may be absent. The cold-treated propagules pro­
duced more inflorescences than the cool-treated, but the cool-treated propa­
gules usually reached initial floral emergence earlier. 
In 1962-1963, propagules of strains 148 and 64 were subjected to in­
duction temperatures of 45°F or 55°F and to 12-, 14-, 15- or 16-hour photo-
periods and exposed for 15, 30 or 60 days. Unlike the 1961-1962 experi­
ment, which had been pretreated with a 16-hour photoperiod, these propagules 
were treated with short (normal) photoperiods prior to induction. Dif­
ferences between strains were large, with strain 148 flowering earlier and 
more profusely than strain 64. Eren with only 15 days of low-temperature 
exposure, these propagules flowered profusely, indicating the greater sen­
sitivity to low temperature induction stimuli of plants pretreated with 
short photoperiods. This experiment confirmed the previous results that 
55°F temperatures are sufficient for induction, and that the cool temper­
ature stimulus is of primary importance, with photoperiod and length of 
exposure modifying the cool temperature effect. Further, the results 
suggest that the photoperiod effect is a quantitative one, whereas the 
temperature effect is qualitative. 
Inducted propagules of strain 64 were subjected to five floral develop­
ment photoperiods, with the result that the time to initial floral emer­
gence decreased as the photoperiod increased. Further, the longer the 
development photoperiod, the smaller the difference in initial emergence 
rate over the previous photoperiod, with little advantage being noted for 
photoperiods beyond lô-hours. 
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Propagules of strain 148 subjected in early December to continuous 
45°F induction temperatures and either short (normal) or 18-hour photo-
periods produced normal inflorescences. Under the 18-hour photoperiod, 
initial floral emergence occurred in late February, with six inflores­
cences per pot being produced. The short photoperiod treatment resulted 
in twelve inflorescences being produced in April, when the natural day-
lengths became longer. Propagules treated to continuous 70°F temperatures 
and similar photoperiods during the same time resulted in the occasional 
production of barren and lax inflorescences. These results again indicate 
the importance of cool temperatures in floral induction of orchardgrass, 
and also that low-temperature induction is possible, even under 18-hour 
photoperiods. 
To determine the minimum stage of maturity for induction of orchard-
grass, seeds of polycross 64 strain were vernalized for nine weeks at 1°C 
and seedlings varying in maturity from the 2-leaf to the 8-leaf stage were 
inducted under 45°F and short (natural) photoperiod conditions for five 
weeks. The minimum stage of maturity for floral induction in these plants 
was found to be the 8-leaf stage. 
Propagules of strain 148 were pretreated with a warm temperature and 
short (natural) photoperiod, then exposed for zero, one, two or three weeks 
to a warm temperature and long (18-hour) photoperiod prior to induction 
under 45°F temperatures and natural or 18-hour photoperiods for one to 
three weeks. It appeared conclusive that the warm-short effect could be 
lost by only one week of exposure to warm-long conditions prior to cold in­
duction. 
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Several attempts to determine the tissue of reception (stem apex 
versus leaf blades) of the thermal stimulus by circulating cold (40°F) 
water through water jackets affixed to the basal sheaths or to the leaves 
of strain 148 proved unsuccessful. 
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